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a 4s ee et : SECRET BO Msp 1536 
F ee | The ‘Advanced Reconnaissance System (ARS) consists of a. satellite: 
. | | e vehicle containing ‘equipment to perform visual, ferret, and infrared 

“< 7 Tecommaissance, together with the ‘Recoesary systen of ‘Ground Stations 
and data Processing centers, ae | . 
. . This Development Plan for the idelioke of the ARS. was: pre- 
: Pared by the Missile Systems Division, Lockheed Aircraft Corporation 
i | | and its ‘Subcontractors, CBS Laboratories 8 and. Eastman Kodak Company, 
mas. : = ae The specifications for the systen were determined in the course of a 
= | | one-year Study: now being conducted for the. United States Air Force - 
) a a under contract AP 33(616)-3105, The plan ig Presented in two parts; | 
a ms Volume I, Syaten Plan » and Volume if, Subsysten, Plan, | The subsystens | 
are deserted in Separate. “books ’ Volune IIa oats II-L,. | 
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RDB PROJECT CARD (Form DD 613) | 
“Tab 1 Genere2 ‘Design Spe etftcations - 
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Tab 5 
Tab 6 
‘Tab 7 
Tab 8 
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“Instrumentat: on | a oo 28 2 


- Subsystem Sumturies 

Milestones | 
2 : Herdvare Delivery 

‘Test Schedules - 

R and D Schedules = 
R and D Tests (Form ARDC 105) | 
R and D Test Aircraft (Form ARDC. 106) 
R and D Materiel (Form (ARDC 107) 
Required F Facilities 


Rand p Contract Funds oe 
Estimate of Manpower Requirements | a 
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“This. subsyster, Provides vehicles and 8irborne equipment and instrumenta. pe 
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-| Lockheed Atreratt corp, | AP 33(616)-3204 
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tion for development flight testing of the 


anced Reconnaissance 








Performance characteristics of reconnaissance and geophysical measure. 
‘ment devices wil} be evaluated under orbital Conditions in Tree space. | 






Operational techniques associated vith ‘the Preparation, launching, 
king, and data transmission of a satellite will be evaluated. 
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. Information concerning Vehicle environment and dynamics end. Component: |. 
. Operation i Pequiry G. This ‘subsystem is. Gesigned to Supply. a major 


(i) Vehicle components end functions are ‘tested in the Systen 
+ 2 Test Vehicie (stv), * Don-orbiting vehicle of limited range 
and flight duration; Pee a re | 


. . @) Full-scale airframe systens. are functionally tested in. - 


Captive firings of the orbit ‘Stage test vehicles (ostv); 


(3) Seterrite systems are evaluated in long-range ballistic . 
ars t tests in the nOn-orbiting test Vehicle (Norv) 5 x! 


-(&)- Operational techniques and problens of satellite riignt 
a are evaluated with Orbiting Test Vehicles (ory), -_ 


_ Major proplem'areas are expected to ba Principally those stociated viti| | 
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AIRBORNE TES? SUBSYSTEY FOR ADVANCEIy | 
RECONNAISSANCE SYSTEM ( Unclassifiea)) 


| cas Laboratories; Eastman Kodax Company. 


ea PuM/FM telemeter of approximately 15 channels will be used for 
transmission of flight test data. On early flights » MCasurements 
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28 Systens Test Vehicte bin 


7) Contractor: Lockheed Atrerart Corporation - Missile Systens Dive 


C The Systems Test Vehicle (STV) consists of a one-half scale air. 
a : Bhs up to 1600 poy 7, STOss Weight and is Boosted | 
by a T-3% (Sergeant) rocket. This booster is essentially that 


ing telemeter and vehicle electronics equipment, orbit Stage prop. : 
ulsion system, battery and chemica) auxiliary ‘power Units, guid. 
ance and contro] Components: and System, and components of the re. | 
Condaissance payloads. These Vehicles are hon-crbiting, but they - 
permit. Spproximately eight, minutes of flight above 300 5. miles 
 Qltitude when orbit stage Propulsion ig Operative. “a 


3-8 Orbit st Test Vehicle 





b Contractor: Lockheed Aircraft Corporation © Missile Systems Div. 


¢ To captive firings of the Orbit. Stage Test Vehicle (OSTV) wi22 be 
conducted, These are functional test3 Of the major vehicle sub~— 
| Systems. They wily demonstrate Proper operation or the propulsion - 
units and their fuel supply and Control systems. Eny tal 


effects of operating engines on other equipment will also be eval." 





2 Test Vehicles a 
Contractor: Lockheed Aircrart Corporation - Missile Systens Division 
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| on-orbiting flight tests (NOTV) wid be Conducted with | 
the combined systems that have been Proved satisfactory in the stv | 
series of tests. Three NOTV tests are scheduled and will Provide { 
Performance characteristics of essentially complete satellite = |. 
Vehicle systems. These vehicles Will be boosted by Atlas i 
| ters, and they wil} demonstrate Guidance ang Control character. 
| Astics of the booster-vehinte Combination , ‘Separation, eir start. [ 
ing of satellite Stage Propulsion: and APY units, and Vehicle |. 


‘5.8 Orbiting Test Venter. | 


b Contractor; Lockheed. Aircraft Corporation - Missile Systems. Div: _ 


ac & payload in orbit. Pri emphasis. tn these 
flights wil) be Placed in Providing as much instrumentation as is 
Fequired to evaluate Toper operation and Sccuracy, as well ‘as 
the useful lite of attitude Controls, the pr rT, sensing 
and Velemetry equipment, and reconnaissance « ¢ Data on 
orbital nt, stich as meteorites, drag and cosmic radiation, 
An : 


_ ‘Ferret, and nuclear apy Systems, they are identical in ‘configura. | 

"thon te the operational Satellite, gt Fe 5 ia 9s 

Ld. Other _Infornation oe - | 

| | 1. General. The. Purpose of this subsystem is to Provide. 
oo ight test date required for Teconnaissance. System — 


=: development. 4 description of the configuration end per- [ - 
“* . formance is contained in the General Design Spec ification. | 


2. Survey of Sintiar existing Standardized Equic, nt. Aly 
. . Kkhown avaflabie items have been used wherever their per- fF 
a formance characteristics ere compatible with the subsystem | 





used. - Early instrumentation Systems are Similar to that 
used in the X-17 project. Standardizeg hardware and | 
‘accessories are used wherever ®ppropria . . : 
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3- Similer Equipment in Process of R &-p. This subsysten 
Consists of flight test items for the Advanced Recon- | 
- Raissance System, and does not duplicate any equipment le 
| Process of R&D ~~ | Sy 


d+ Statement of Effects. -Thig Subsystem will be maintained 
7 ard operated by Contractor personnel. Facilities for. | 
«flight ‘test Operation and range instrumentation wii) be. 
| Fequired at AFMTC, 7 7 | 


2le Background History oo Ce bee | TE | 
| _. This subsysten is a result of work conducted under contract 
AP. 33(626)-3205, | The requirement for this Subsystem is. described in: 

Pied Piper Progress” Reports (see references). 7 


21 f Future Plans 7 
—L Le 


| Development of this subsystem is contingent ‘upon provisions of boosters 
for STV, ROTV, and OTV series. Flight test schedules may be reviseg ; 
to satisfy data requirements by re-assigning Objectives and instru- 


es 7 References 


Lockheed Missile Systems Division Report Msp 1363, 


Ptea Piper - First , 
Quarterly Progress Report, Vol. IV, 1 November 1955 (s) 


Pied Piper 2 


Lockheed Missile Systems Division Report Msp 148), 
Second Quarterly Progress Report, 15 January 1956 (5) 
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Subsystem I - AIRBORNE TEST SUBSYSTEM. 
Tab 1 - General Design Specifications 
As Statement of. the Probien 


 - It de required that information be ‘Obtained to evaluate ‘the en¥iron- 
ment in which the satellite vehicle Will be operating. The flight dynamics. 
se characteristics of the equipment 
and payload subsystems to obtain this information. wil require that a flight 
test program be conducted concurrent with the research end.engineering . 
analyses, so that the operational equipment can be placed in.an environment: 
as similar as possible to that which will exist tn orbit. | ; @ 





A flight test program has been devised to provide ensvers to the 


problems described above. These problem areas define the performance 


Euvironmental effects such as drag, cosmic radiations, meteors, and tempera- 

ture control will be investigated in orbiting test vehicles, ‘Fo ace 
complish these objectives sustained flight. at high altitude is an ultimate 
Yequirement. A preliminary evaluation of these effects can be obtained, | 


however, by vehicles which obtain a high apogee ballistic trajectory even 


with limited range. Such &® partial solution imposes less strenuous re- 


quirements on test range launching facilities and instrumentation. In the 


latter phases of the Program, orbiting vehicles are planned which will 


- ‘Yesult in a vehicle configuration thoroughly ‘demonstrating the operational 


characteristics required. . 
- @. Solution ° 


Bo implerent the flight test program as rapidly as possible ou. ; 
existing components have been surveyed to determine their Possible utility 


in early flight tests. An available solid Propellant rocket booster, the — 


. Sources of information,. end the objectives of each test ere established 


subsystems may be evaluated. * 


MSD 1536 





\ 
‘ 


ultimate payloed. Airborne test instrumentation will be used which is 


currently available; it will be similar to the instrumentation of the 
X-17 Re-entry Test Vehicle. Components of reconnaissance payload, : 
Optical equipment end electronic data link ‘equipment, may be tested early 
in the flight program to determine the performance characteristics: or 


‘these isolated units. 


Flight testing wilt. continue to provide the earliest feasible 
to provide information inputs in the overall system development. progrem, 
freezing of the design and characteristics of operational equipment can 


be obtained. Further, through orbiting test vehicies, information of 


general interest, such as geophysical measurements, will be forthcoming, 


er the performance and reliability of more or..less complete payload 


ap 0'e- 
+o s+ me wate eee ey 


I-Tab 1, p 2 


- f page 7 § 1B noe 
_. a8 they are most urgently needed. In this manner, the earlies<: possible — 
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IX. Descrrprion 


The following test vehicles have been selected to satisfy the require- 


_ Ments outlined in the ‘preceeding paragraphs. The flight test program will. 


proceed from 1/2 scale ballistic: vehicles, through test orbiting airframes 
which are fired on ballistic trajectories, to ‘the final airframe which is 
almost identical to that of the first Operaticnal vehicles. A full range of 
payload equipment can be flight tested, and the number or tests of each ve- 
hicle tyne has been established to provide all flight operational data which 
will be required. sas a “* se oe 4 | La es 


| Task 1 - Airborne Test Instrumentation 


For the gathering of information during flight. test, equipment will be. 


: provided to measure accelerations, vibrations » pressures, and temperatures. 
. . Strain gages will be applied for structural measurements. Tell-tales will 


monitor operations such as stage unlatching and separation. _ Payload equip- 
ment will be instrumented. to obtain data on ccmponent functioning and failure 
analysis » Should malfunction occur. on eee . a 
In addition, orbiting vehicles will be instrumented to obtain indications 
of meteor impact (by microphones and pressure gages), drag, cosmic radiation © 


and geophysical information as described in the appendix to this volume. 
Task 2. Systems Test Vehicle _, ® | 

: The Systems Test Vehicle (StV) vila consist of an airframe of 31-in. 

diemeter end epproximately &5 feet long including its booster and is very 


7 testing of full scale components in a reduced scale Vehicle and will Weigh 


up to 1600 lbs. with its full payload capacity. It will be boosted by a 


. 


‘T-34 rocket. The booster airframe is essentially that which is used: for the - 


X-17 Re-entry Test Vehicle, except that minor modification may be required 


to the fins for aerodynamic ‘Stability, and to the stage interconnect structure . 
to accommodate a nose which is of the same diameter as the rocket. A typical 


(Will be flight tested, a. 


The typical performance | of the STV without sisteiner engine operation - 
results in apogee and range of 150 and 800 miles respectively, for a flight | 


Guration of 6 minutes above 100,000 feet, and for a total flight duration 


I-Tab 1, p 3 
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_ tained which result in flight above 300 miles for & minutes, It *-. lent | 


vacuo of the equipment being tested. 










The Orbital Stage Test Vehicie (OSTY) is a full scale vehicle air- 
frame which Will ce used for captive Tlight test. Such firings. will be 
systens. Principally, they will demonstrate the proper. operation of the - 


Propulsion subsystem units, the fuel supply and control equipment, and 
 Gngine starting and ‘cut off techniques. - In addition, they wil. ‘allow an: 


Task 4 ~ Non Orbital Test Vehicles es | 
Full scale non-orbitel test vehicles (Norv) flight tests will be con- 


ducted of combined subsystems that have been proven out in the STV series. — 


Three of these tests are scheduled. They will be boosted by the XSM-65¢,. 


The eonfiguration of the RNOTV, shown in the appendix, will contain | | 
itezs of payload equipment which have been advanced in their development 


_ £0 '& quasi-operational level. This Vehicle is 62 in. ‘in diameter and 
21 ) . 


6 in. long and wilt weigh 3500 pounds. A typical flight of the NoTY 


L dikes salivet devi 
‘Miles total range. Significantly more information will be obtained from 


these flight tests concerning general system Perameters and equipment 


| _ Performance and reliability, since the effective flight duration is about 


15 minutes. , . . 
| 5 = Orbital Test Vehicle 





that it will not contain complete subsystems for obtain. | 


ing reconnaissance information. It may be Zlight tested either at Aric 
OF the proposed ultimate launching site. These vehicles will be Placed 


originally on eust-vest orbits which will not provide information of 


(Strategic reconnaissance interest, but which can be better implemented 
With ground control facilities. _A typical ory configuration is shown in 


the appendix to subsystem A. These vehicles will be ‘boosted vy the XSM-65¢ 
| > = ae | «Tete 2, ph 
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and will be able to 


10n booster performan 
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carry up to 1600 lbs. of payload equipment 


ce. The OTV flight test will have orbiting durations | 
wenging from 5 days to 10 days, depending = 
| AM additional se 

Test Vebicle (pty), 
to the Operational s 


upon the type of auxiliary 
A total of 6 flight tests is Planned. 


erles of fifteen orbiting vehicles, desi.nated Payload 
ere also ° aie} are configurationally identical 
atellite. ce appendix} though used primes 

stiny reconnaissance, ferret and muicleer APy subsystems. 
These vehicles will utilize the advanced Propulsion sw 


be launched either from AFMIC or the Ultimate site, = ps _ | 
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‘The pointed cone e drag value is considered congervative because the ” 


data of Ref. 3 show that srali degrees cf spherical bluntness on 


Sone tips produce a slight decrease in drag. The fin vave drag’ vas 
: caloulated by the conventional equation for @ biconvex airfoil. 


|The vernier control engine fair'ngs are the 
only protuberances on the: cone-cylinder body. she fairings are 
© conbination of e helf cone vhich fairs into a vedge. For purposes 
of drag estimation, 4t was cavimed that’ the drag of the fairings vas 
midway between “hat for pure wader and thar for a pure cone ‘vith 
the appropriate ceniverter angle. 


"Base drag vec assumed to act over the “rea of the 


‘base not occupied by the! rocket nozsie. Estinates of the base drag. 


coefficients to ve applied to. this area were obtained from Ref. 5 


ithe ‘Gale lates viriation of zero: itt drag co- | 
efficient with Mech muiber is presented in Fig. th, Curves: are shown 
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ed in Figs. 2-5 and 2-6. ‘Calculations vere made for the configuration 
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as Refs. 6, 7 ena 8. ‘The vernier control engine feirings were ) assumed . | | 7 


to. act as conical ‘Lifting surfaces. | 


‘The Aaclated fin Lift vas obtained from Ret. 9 for 


. Mach mumbers greater than I,. end from the equation 
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for Mach mmbers less than 1, where 
C.: 
“<p 2 slope of the lift curve of isolated fins 
A 53 | veep angle of quarter chord line 


7 ie section Lift curve slope 


For sinevataie speeds ; ‘the effect of the Pony: on 
fin Litt and center o. pressure were obtained by the method of Ret. 10. 


‘The effect of the fin on body litt was obtained from Ref. n, which 
| considers ving-body combinations with no. afterbody. ‘The interference 
|-2AFE at subsonic specds was calculated by « method given in Ref. 12, , Poe | aa 


The subsonic center of pressure was. assumed = ~ at. the cuarrer: ‘chord. 
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-Carves. showing the -caloulated variations of dite 


coefficient slope and center of pressure with Mach number are present-— 


with ae without the Vernier control engine feirings to ahow the effect | 


of the fairings. 7 


I-Apdx, p 23 


per radian — 


Lift coefficient slope, C.. , 


7 ge 
* le 


MSD 1536 









SEE ee aN T] on 
i HT 


) Last STAT 
LUD { TA 


TT a ati Ht oe i i i 
ea 

: iTS ee 
Jeri 


TH en) 

















== 










5.245 Bi a 
a 
cana ~ a. 





mt 








a a ct anc Sees or 
zahf ; } re > es 
i a IA MHIHI co cose a 
ce a 
t fl TE HE EL EA TE 
HIRATA ces ha 
Sa He ECLA Hee 


er 
an Sit a li ch 0 


| sii Mo i . 







Pig. 2-5 rift Coefficient Slope ve Mach Kunber for the stv Cue oe ES 
Configurations - | 


Ae i 
Ce 


1 = 










i 





TT 





UTTT ETT TTT RT HT | 
wae csc HTT He CE ae io: 
LER HTT LATTE Ee 
Lecce SN TET TT TATE TEE TATU TERRIA 7 
FART FEA Se He Len et | 
| HE th li Hl Hs la HHI 
ae ei a OO re it 
| a iia Tea SE Re 
RRR aay 
eon nan iit Ta tH i | 
ete EE ee qo 

a nie ei 3 


Center of gravity I tin 


mn at 
HAT ee 


fi 
Ba H HL FAT nitude 


HET il 
| LE HME HT HATH el TUTTLE 









(inches: — nose) 
























| Center of pressure, 


Sore ofS 
Sl === 






2oo Hdl 
ic ¥55 





HHL Sean ule 





Lue SE - 





. taal siber, Me 


te 2-6 Center of Pressure | and Center of Gravity vs Mach Kumber for te 
the STV Y Configurations - | 





ATT ATT cc oa 


ae ate 


(Ee eee EN 


~~ 


a “WS 1536 
2:3, Structures 
he structural ‘analysis uf the Systen Test Vehicle + (n00 


Fig. 2-7) is given on the following pages.* 


‘te tenks, made of welded AM350 stainless steel, are 


similar to those for the OIV exept that the volimes are eusller. 


The engine installation is Sdentical to that for the OTV. Tus 


the spherical radius et the botton cf the WHA tank is the same tn 


both cases. - | , | 

: 'Bince this Yebicle ‘travels at a. greater soul than the 
OfV,. the aerodynamic heating is amch greater. ‘The temperature of 
the 0.032-inch shell is 860 degrees F at Station 167. ‘Since 


magnesium has a strength Limits temperature of . $00. degrees sh 
A350 stainless steel must be used. 2 


ae 


* The OTV structure is discussed in. ‘the fopentix to reeves Ae - 
Mrtreme. 7 | 


=. iy i om ; = 7 . es: NS te «4% A 
. 7 - ae ies > e : - «& 


| NMhy fee, 


ciw’s 4° 


Ne 4 


WW a, 


MSD 1536 


. i * 7 s. © * Fos. ‘: , Ag . - “pecs ’ . : : 
p °, we ; of . o ss : ote . : : ’ re : s . \ OF ow r= eal 4 S qey _* ? a Sai, Ce © oe ty eee sia a ° ‘ 7 . a : 
ann > ; ne <a : e.” 4 a -~, : * . ° wrote Is > er | & : { pe 2&- * # i oe » t \ fy th é Us Ba 8% ppt 2 6 . At 7 — t "+. . - ere {: * 3 woe. ." . =f. I ‘¢ ' ; omar! tics: ; 
7 : i : Pig . 


of 


« 
é 
9 


NT 
a) 





LOCKHEED -AaC R rn ; ° : 


a 
= 
¥ 

. a : 
¥ 
. 
a 
at . 


‘ITT? 


Bete ee 
; 


— 





Tntpex, P27 


4 a et sn on 
— © : 


we. 
SYSTEM TEST VEHICLE | 





WENA TANK 


tea 
¢ 


Systen, Test Vehicle 





ae “2h. 10 in 
“ vom 5500 in3 


WPNA Tank: 


* ewer sphere = 54 in. 
Vm. 8100 .in,3 | 


“upper Sphere “ an 


Helium Tank: 
@ = 27.3 in. 
Vv = 1350 in3 


a “* 217. _ 7 
aC ie 0.115. 
| Veet = 0.125 in, - 
(AM350-Stainiess «_—. 


og Bieth 
LUE (asa) = 0-018 in. 
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e 22 = bh50 B/sa | 
Roop and Longitudinal a | 


Hoop tension Be -bis0 
Hoop tension C= = 2360 


Average "3505 Bin 
rae 3505: x 8 = 28.000 bd 


Soe - ~ 28,000 





= 30,000 1b 3 - ‘ os 
Effective toading - , Bono = 2000 26/9 apt 
ere * = 9.095 ab fo 
% wz 30000 x 1.25 2 | 
| Wtrestset , 100,000 ~ ss 0.375 in! | t= = 0.050 ia. is adequate 





, : . x 1. ae 3 
| ve Tequired:* mages 7 
here 109 ,000- pad is comp. ‘yield Lint x 8 per cent. 
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Condition: + = 23.5 see h = 37,500 £6. 
B25 (Ret. gry 
ee 1.5. Trajectory) 


a Plus gust of 70 feet per second 
We = 1600 i» n, = 12.5 | ) 

| ‘Axial Lond = 20,000 lb | 
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172,000 3 . 1.25 = “21h, 000 in. 1b 
Net. Moment «= 40,000 in. lb 
“t . - 0.03 in, Ta = 860° F (at 0 167) ‘Ie tr3¢ “@ 380 ta 


| ae M6 
| Fring “9205 auf ae = 11,200 psi 
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‘Structure 
: Tropellant. Tank. Asseably i 3 
e & Attitude Control 
Propulsion System 
3 Pressurization System 
| Destruct Systen. 
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| Power: Soares 
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